ABSTRACT: Following the Deepwater Horizon (DWH) oil spill, numerous studies were conducted to determine impacts on common bottlenose dolphins Tursiops truncatus. Common bottlenose dolphins are found in estuarine environments of the northern Gulf of Mexico which vary in salinity, depending on location (e.g. distance to freshwater source), season, and ocean tides. Although common bottlenose dolphins can be found in low-salinity waters (<15 ppt), they cannot tolerate very low salinity for long periods of time. We matched dolphin telemetry data in Barataria Bay, Louisiana (USA), with contemporaneous estimates of salinity to establish a salinity threshold and identify preferred dolphin habitat. Dolphins frequently used areas where salinity was higher thañ 11 ppt, sometimes used areas for short periods of time with predicted salinity of ~8 ppt, and avoided waters with salinities below ~5 ppt. While not a hard boundary, the ~8 ppt threshold can be used to delineate reasonable polygons of preferred dolphin habitat. We temporally averaged the location of the ~8 ppt isohaline from 2005 through 2012 to establish areas of preferred dolphin habitat. In Barataria Bay, the polygon of dolphin habitat encompasses 1167 km 2 , and extends from the bay's barrier islands to approximately half-way through marshes in northern parts of the bay. This polygon of suitable common bottlenose dolphin habitat was then ultimately used to quantify cetacean injury due to DWH oil.
INTRODUCTION
Common bottlenose dolphins Tursiops truncatus have been found in many bay, sound, and estuarine (BSE) environments (Waring et al. 2015) , which are characterized by shallow, brackish waters with high ly variable salinity and include areas such as Bara taria Bay, located in the northern Gulf of Mexico (GoM) off the southeastern Louisiana (LA) coast, USA (Mullin et al. 1990 , USEPA 1999 , Vollmer & Rosel 2013 . After the Deepwater Horizon (DWH) oil spill began on 20 April 2010, determining contemporary survival and abundance estimates for common bottlenose dolphins in various BSEs, including Barataria Bay, in the northern GoM impacted by the spill became an important objective to determine injury for the Natural Resources Damage Assessment (N RDA). This motivated the development of a novel capture-recapture model (McDonald et al. 2017 , this Theme Section), referred to as a spatial robust-design model, to estimate survival, and abundance for Bara taria Bay using recent photo-identification (photo-ID) data.
Conventional capture-recapture methods result in an estimate of population size for an ill-defined boundary, or effective trapping area (ETA), surrounding the capture-recapture study area (Borchers & Efford 2008) . If the presumed size of the ETA is smaller than the area where an abundance estimate is desired (as was the case for Barataria Bay; see Figs. 1 & 2 in McDonald et al. 2017) , then an assumption about the size of the ETA must be made in order to compute density, which is then multiplied by the total area of interest to calculate the total population size (Borchers & Efford 2008) . The need for this assumption reduces the reliability of the resulting density and abundance estimates (Borchers & Efford 2008) . In comparison, the spatial robust-design capturerecapture model proposed by McDonald et al. (2017) incorporates a habitat mask to directly estimate density. Using the resulting density estimates, abundance could then be estimated by multiplying those densities by the area of the habitat mask. The required habitat mask should include the entire spatial extent of all dolphins' activity centers with nonnegligible probability of being captured within the photo-ID study area as well as all areas where, on average, the resulting density can be reasonably applied (Borchers & Efford 2008 , McDonald et al. 2017 .
In this paper, we developed a methodology to identify and estimate the location of preferred common bottlenose dolphin habitat based on salinity for use as the habitat mask described above. A number of biotic and abiotic factors have been examined to study bottlenose dolphin (T. truncatus and T. aduncus) habitat use and include prey and predator abundance and distribution, water temperature, salinity, tides, turbidity, dissolved oxygen, physiography, and water depth (e.g. Barco et al. 1999 , Heithaus & Dill 2002 , Wirsing et al. 2008 , Miller & Baltz 2009 , Bailey & Thompson 2010 , Fury & Harrison 2011 .
Barataria Bay is an estuarine wetland system located in southeastern Louisiana where water depth is relatively constant throughout at 2 m, with some deeper areas dredged for navigation channels. Water temperatures fluctuate seasonally in Barataria Bay (e.g. Joshi & D'Sa 2015) , but are above the lower critical temperature for common bottlenose dolphins (5.5−10.6°C; Yeates & Houser 2008) . The thermoneutral zone (TNZ) is the temperature range in which an animal spends little or no energy to maintain its internal temperature (Schmidt-N ielson 1990), and Barco et al. (1999) suggested that migrations of coastal dolphin stocks along the US east coast may be in response to animals that targeted water temperatures within the TN Z (≥16°C). However, BSE dolphins in the more southern latitudes of the GoM, such as Sarasota Bay, Florida, experience yearly temperature ranges between 10 and 18°C and are longterm residents of the estuary (Wells 2014) , suggesting that either the TNZ varies by population/region or there are other factors influencing habitat selection for northern GoM BSE stocks. In Sarasota Bay, although prey species diversity changes seasonally (Irvine et al. 1981) , prey are available year-round (Berens McCabe et al. 2010) , which may suggest that both thermal tolerances, prey availability, and predator abundance influence habitat selection. Tidal flux within Barataria Bay varies diurnally, but is small (Conner & Day 1987) and primarily affects only the lower portion of the estuary. However, salinity in Barataria Bay can vary significantly both spatially and temporally (see Supplement 1 at www. int-res. com/ articles/ suppl/ n033 p181 _ supp1. pdf). Salinity in the upper portion of the bay is low and driven predominantly by evaporation and freshwater input from precipitation (Orlando et al. 1993) . Salinity ranges from near 0 in the upper reaches to ~25 ppt in the southern portions of the bay (Das et al. 2012) .
Although common bottlenose dolphins inhabit waters with a wide range of salinities, several studies have documented adverse outcomes following extended exposure to very low salinities: dolphins in Lake Pontchartrain, LA, where average salinity measured 4.8 ppt developed severe skin lesions (Mullin et al. 2015) , and dolphins exposed to salinities below about 10 ppt exhibited necrosis and ulceration of the epidermis (Simpson & Gardner 1972) . Mortality was reported for dolphins that remained in waters less than 10 ppt for 6 mo (Colbert et al. 1999) . Captive dolphins exposed to freshwater for only 3 d had permanent impacts to epidermis cells, but the impacted skin cells were subsequently shed when returned to saltwater (Harrison & Thurley 1974) . Although an exposure-response relationship considering salinity level, time, and adverse health consequences has not been defined, these studies demonstrate that common bottlenose dolphins will experience negative health effects, such as severe skin lesions, if they inhabit low-salinity waters (<10−15 ppt, approximately) for extended periods. Furthermore, we deduce that the spatially wide-ranging salinities found in Barataria Bay include salinities low enough to be physiologically limiting, and therefore should limit spatial distribution of dolphins within the estuary.
We therefore focused on estimating a salinity threshold to define preferred dolphin habitat, which represents a minimum salinity below which the dolphins would rarely be observed. We defined the salinity threshold by temporally matching salinity values from a spatio-temporal kriging model (Supplement 1) with dolphin satellite-linked telemetry observations to determine a habitat-defining threshold. In other words, the salinity threshold serves as the border between waters with salinities that common bottlenose dolphins routinely inhabit and lowersalinity waters that dolphins inhabit for minimal amounts of time. We chose Barataria Bay, LA, to demonstrate these methods, since both salinity and telemetry data exist throughout the same time period. Furthermore, Barataria Bay offered an ideal study area for our analyses in that it exhibits a spatially broad range of salinities, and due to the narrow range of other influential dolphin habitat factors such as temperature, depth, and tidal flux, salinity gradient is likely to be a primary driver for dolphin distribution.
MATERIALS AND METHODS
The waters within the Barataria Bay common bottlenose dolphin stock boundary defined by N OAA's N ational Marine Fisheries Service in their annual Stock Assessment Reports ( Fig. 1 ; Waring et al. 2015) represented the total square kilometers of potential common bottlenose dolphin habitat for this analysis. The stock boundary in Barataria Bay extended into the northern reaches of the bay and then south and east just past a string of barrier islands, including Grand Isle and Isle Grande Terre. Using this boundary as our starting point for habitat determination, we developed methodology to combine salinity surfaces (Supplement 1) with common bottlenose dolphin movement data obtained from satellite-linked tag telemetry data (Wells et al. 2017, this Theme Section) to investigate dolphin movements in relation to changing salinity within the Barataria Bay stock area. We identified a reasonable salinity thres hold and adopted it as a habitat boundary. Finally, we averaged the daily location of this boundary over multiple years to establish an area of preferred dolphin habitat.
Salinity data
We compiled a large database comprised of publicly available salinity data from multiple federal and state agencies, as well as a subset of data collected by the 2010−2013 DWH NRDA Oyster Technical Working Group (TWG) (see Supplement 1 & Supplement 2 at www. int-res. com/ articles/ suppl/ n033 p181_ supp2. pdf) to estimate a spatio-temporal kriging model (Szpiro et al. 2009 , Sampson et al. 2011 , Lindström et al. 2014 in Barataria Bay and other BSEs of the northern GoM (Supplement 1). This model predicted daily salinity (in ppt) at points in a 200 × 200 m grid overlaying Barataria Bay. The kriging model developed in Supplement 1 estimated a smooth salinity surface for the entire Barataria Bay stock area for every day of the study period (2005−2012) . Model validation against an independent dataset collected in 2011 by the DWH NRDA Fish TWG (NOAA 2011a,b) showed a high correlation between predicted and measured salinity (ρ = 0.93; Supplement 1). Discrepancies be tween predicted and measured salinity primarily occurred in areas with measured salinity below 15 ppt (Supplement 1). In those areas where salinities fell below 15 ppt, the model, on average, under-predicted salinity by 1.86, or approximately 2 ppt (Supplement 1).
Dolphin movement data
In Barataria Bay, the most recent source of information about dolphin movements comes from a NRDA telemetry study conducted by Wells et al. (2017) , who placed satellite-linked SPOT-100 transmitters (Wildlife Computers) on 25 common bottlenose dolphins in Barataria Bay during capture-release health assessments beginning in August 2011. The majority of tags transmitted 1 or 2 high-quality locations per day for each individual and lasted 2 to 3 mo (see Wells et al. 2017 for details on tag transmission rates). Satellitelinked locations were received and processed by the Argos Data Collection and Location System. During ana lysis, locations with low plausibility were deleted and only locations with estimated Argos error < 500 m were used. With these criteria, Wells et al. (2017) collected 3765 usable telemetry locations between 3 August 2011 and 10 April 2012 (Fig. 2) for the 25 tagged dolphins. Finally, the summation of each dolphin's total number of days with a successfully transmitted location was equal to 2009 dolphin-days.
Identifying a salinity threshold
Using the salinity products and telemetry data, we linked estimated salinity levels with dolphin locations in 3 steps. First, we paired dolphin telemetry locations with the closest available salinity grid cell center point (Fig. 3) . Second, we queried salinity values for that cell and the 8 surrounding cells on the same day that the telemetry location occurred. In total, we queried an area approximately ± 300 m in cardinal directions (± 425 m diagonally) because errors in telemetry locations were less than ± 500 m. For the third and final step, we averaged the 9 queried salinity estimates to produce an average value, which ap proximated the salinity level that the dolphin experienced on the day of the observed telemetry location. We excluded telemetry locations greater than 200 m outside of the stock boundary. N ear the edges of the stock boundary, 9 grid cells were not always available. In these cases, we queried salinity values from the closest grid cell and whichever of the remaining 8 surrounding grid cells existed. From this pairing exercise, we generated a locationassociated distribution of salinity values (Fig. 4) . We selected the 1st, 5th, 10th, 15th, 20th, and 25th percentiles in the lower tail of the location-associated salinity distribution (Fig. 4) as candidate values for the salinity threshold. We then based the choice of salinity threshold on visual inspection of the relationship between dolphin movement and salinity as well as various summaries of the resulting salinity distribution. To carry out our visual inspection, we plotted each individual's telemetry location(s) on the corresponding day's predicted salinity surface. an animation) and inspec ted the individual's movements in relation to salinity. We calculated the number of consecutive days on which each individual dolphin's transmitted location occurred at or below each salinity percentile of interest. We then summarized the resulting dataset for each salinity percentile in a variety of ways. First, we de termined the number of dolphins that were recorded in waters at or below each sa linity percentile. Then, we summarized the number of consecutive days each dolphin spent in waters at or below each salinity percentile. Further, we counted the number of times that a dolphin was detected in waters with salinity below a given percentile. Last ly, to get an approximate idea of how many days the dolphins 'stayed' at or below each sa linity percentile, we summed the number of dolphin-days that dolphins were found at or be low each salinity percentile. Although dolphins may not have strictly remained in waters at or below any given percentile, this final summary provided another glimpse into dolphin behavior at certain salinities.
Based on plots similar to Fig. 5 , we chose the salinity threshold as the contour (and associated salinity) from our candidate percentiles with the highest number of day-to-day crossings. We reasoned that if dolphins tolerated a certain level of salinity, we could expect random movements relative to a contour of this level. Random movements imply a relatively low number of contour crossings. For example, if dolphins tolerate 15 ppt salinity for extended periods, we expect only random crossings day-to-day with ex tended periods in waters with salinity both below and above 15 ppt. If dolphins only marginally tolerate a certain level of salinity, we expected a relatively large number of movements from salinities below that level to salinities above that level. That is, we expected dolphins below a marginally tolerated threshold to cross over the threshold many times day-to-day relative to other contours. For example, if dolphins do not tolerate salinities below 8 ppt for long periods, we expected to see dolphins move to a position in salinities above 8 ppt soon after (e.g. 1 to 2 d) being located in a position below 8 ppt, and we did not expect to see many consecutive days (fewer than 1 or 2 d) in waters with salinity below 8 ppt. First, each telemetry location was matched to the closest grid cell. Next, the salinities from that cell and the surrounding 8 grid cells (shown in gray) were queried. Finally, these 9 salinities were averaged, thereby linking a single salinity value to each telemetry location The probabilities on the y-axis correspond to our candidate percentiles (i.e. 1, 5, 10, 15, 20, and 25%). The 1st percentile corresponds to 4.69 ppt, the 5th percentile corresponds to 7.89 ppt, the 10th percentile corresponds to 10.83 ppt, the 15th percentile corresponds to 12.58 ppt, the 20th percentile corresponds to 14.19 ppt, and the 25th percentile corresponds to 15.26 ppt
Characterizing preferred dolphin habitat
Once the salinity threshold was established, we sought to characterize its average location in Barataria Bay over time. We determined average geographic placement of the salinity threshold in 3 steps. First, we estimated a single long-term average salinity surface by calculating a temporal average in each 200 × 200 m grid cell over all days between 1 January 2005 and 31 December 2012 (n = 2922 d). Second, we plotted the chosen salinity threshold contour on the long-term average salinity surface. This contour, on the long-term average salinity surface, served as our border distinguishing preferred habitat in the southern part of the bay from non-preferred habitat in the northern part of the bay. The third and final step to determine preferred dolphin habitat involved excluding land. Using ArcGIS v10.3, we clipped areas with average salinity greater than the threshold to a recent land−water shapefile (ERMA 2015; updated 19 January 2012) . This shapefile layer, titled '2008 Land/water Interface as of 9/14/ 2012 (USGS) (N OAA)(PDARP)' and located in the parent folder: Bathymetry & Hydrology>Shore-line, consisted of polygons designating all areas of Bara taria Bay as either land or water. Once land was re moved from the delineated habitat, the remaining area characterized preferred dolphin habitat.
RESULTS
A total of 3581 dolphin satellite tag-telemetry points fell inside the 200 × 200 m salinity grid overlaying the Barataria Bay stock area and were therefore matched with average salinity calculated from the surrounding 9 cells. Telemetry points occurred in waters with salinity between 1.61 and 32.08 ppt. The 1st, 5th, 10th, 15th, 20th, and 25th candidate percentiles of the location-associated salinity distribution corresponded to predicted salinity values of 4.69, 7.89, 10.83, 12.58, 14.19, 15.26 ppt, respectively (Fig. 4) .
The potential habitat area (i.e. water-only areas within the Barataria Bay stock boundary) consisted of a total of 1791 km 2 . However, Fig. 2 shows that the satellite-tagged dolphins did not venture into the northernmost reaches of the bay, where 29.588 was the highest recorded latitude and predicted salinity was 4.63 ppt. From visual inspection of figures similar to Fig. 5 , dolphins predominantly remained in waters with salinity < 8 ppt for less than 24 h. Additionally, dolphins recorded in lower salinity waters tended to remain in the vicinity of the 8 ppt isohaline and did not often venture into waters much below 8 ppt salinity. We did not observe these associations around other salinity contours. Eight ppt was close to the 5th percentile of salinity estimated at the time and place of dolphin locations (7.89 ppt, Fig. 4) . We therefore focused additional effort on choosing between the 5th and its surrounding candidate percentiles of 1 and 10.
The total habitat area with land removed and average salinities higher than the 1st, 5th, and 10th percentiles totaled 1329, 1167, and 1048 km 2 , respectively. Thus, the 1st, 5th, and 10th percentiles re presented 74% (= 1329/1791), 65% (= 1167/1791), and 58% (= 1048/1791) of the total potential habitat area, respectively. Upon further inspection of dolphin movements in relation to the 5th percentile, the data showed that only 5 out of the 25 tagged dolphins (= 20%) entered waters with salinity less than approximately 8 ppt for a total of 48 times and 'stayed' (as defined in the 'Materials and methods ' section) there for 99 out of 2009 dolphin-days (Fig. 6b) . Furthermore, during 30 of those occasions (30/48 = 62.5%), the dolphins re turned to higher salinity waters within 24 h. In other words, when a dolphin ventured into waters less than approximately 8 ppt, 62.5% of the time they left for higher salinity within 24 h. Comparatively, over one-third (9/25 = 36%) of satellitetagged dolphins ente red waters with predicted salinities less than 10.83 ppt a total of 77 times and 'stayed' there for 195 dolphin-days (Fig. 6c) . These results indicated that dolphins had increased toler- ance for salinities around 10.83 ppt. As another comparison to the 5th percentile, only 4 dolphins entered waters with salinity < 4.69 ppt a total of 9 times and 'stayed' there for 19 dolphin-days (Fig. 6a) . Given how seldom dolphins entered waters with salinities < 4.69 ppt, this salinity percentile most likely represents habitat that dolphins rarely utilize. Consequently, the 5th percentile, or ~8 ppt, was chosen as the salinity threshold since it seemed to be a good compromise between rarely used habitat that dolphins tolerate for only short periods of time, and well-tolerated 10th salinity percentile habitat. Next, we identified waters with average salinity higher than ~8 ppt as preferred habitat, and the location of the ~8 ppt contour on the average salinity map appears in Fig. 2 . After subtracting land polygons, the area of preferred dolphin habitat in Barataria Bay averaged across years totaled 1167 km 2 (Fig. 1) .
DISCUSSION
By combining salinity data with dolphin movement data, we were able to infer a salinity threshold of 8 ppt. Dolphins frequently used waters with higher salinities, were present for short periods of time in waters around 8 ppt salinity, and were very rarely found in waters with salinities below ~8 ppt. The selection of this value allowed for the explicit classification of the extent of preferred dolphin habitat within Barataria Bay's waters. To our knowledge, the explicit identification of preferred dolphin habitat in Barataria Bay has not been previously published and serves to broaden knowledge about dolphin salinity and habitat preferences.
The value of ~8 ppt provides a reasonable salinity threshold value which we can use to explicitly identify an approximate area of preferred dolphin habitat. This represents a threshold below which dolphins were rarely observed. However, it should be noted that even though dolphins were documented in waters around 8 ppt, this does not represent a salinity at which the dolphins were necessarily likely to remain for long periods of time. Conversely, it should be noted that dolphins can inhabit waters with salinity below this threshold for short periods of time without ill health effects, but that exposure to salinities near this threshold for an extended period of time is likely to have negative health effects. Some unquantifiable error associated with the choice of a single salinity threshold value exists since it is not a hard boundary. While a range could have been chosen to serve as the salinity threshold instead of a single value, a single value allows for an explicit delineation of habitat and an estimate of total area. These 2 products were necessary to produce an accurate estimate of abundance using the spatial robustdesign model from McDonald et al. (2017) .
Common bottlenose dolphin telemetry locations were used to derive a salinity distribution to represent dolphins' salinity preferences. To help us choose a single value as the salinity threshold, we selected a few percentiles from the location-associated salinity distribution to narrow down the choice of possible candidates. The 1st, 5th, 10th, 15th, 20th, and 25th candidate percentiles were chosen because we believed that these percentiles provided reasonable coverage of the lower tail of the derived salinity distribution (Fig. 4) . Error associated with the telemetry locations and error associated with the estimated salinity surface may introduce some uncertainty to the model. The error associated with the dolphin telemetry locations was small (< 500 m) relative to the area of the 9 associated salinity grid cells. Even though Supplement 1 showed that the spatio-temporal model underestimated salinities by about 2 ppt when salinities fell below approximately 15 ppt, we consider this bias inconsequential to our analysis since the derived distribution of salinities and the final habitat extent were both created using output from the same model. That is, if salinity estimates are approximately 2 ppt lower than actual values, the contour associated with our salinity threshold would nonetheless be in approximately the same location because the contour was derived from a percentile of the salinity distribution, which in turn was derived from the slightly low salinity surfaces.
Our results suggest that, behaviorally, common bottlenose dolphins appeared to favor waters with salinity > 8 ppt in Barataria Bay. Although some tagged common bottlenose dolphins did occasionally venture into waters with salinity below 8 ppt, they moved out of those waters into higher salinity waters within 24 h. Whether common bottlenose dolphins can sense salinity concentrations is not known, but analyses of taste receptor genes suggests that cetaceans retain only the taste modality for salt (Feng et al. 2014 , Zhu et al. 2014 . Common bottlenose dolphins could also use environmental cues as proxies for salinity, such as presence of certain fish species, buoyancy, or water turbidity. In many cases, these factors most likely correlate with salinity found within the estuarine environments of the GoM (e.g. Peterson & Ross 1991 , Geiger et al. 2011 .
Although our results suggest that salinity is an indicator for identifying BSE dolphin habitat, additional variables, such as prey selection and predator avoidance, likely also influence habitat selection. As previously discussed, the movements of dolphins in Barataria Bay in relation to changing salinity could actually be cued by the movements of prey in response to the changing salinity. If so, then other seasonal drivers of prey distribution may also influence dolphin movements. In Shark Bay, Australia, Heithaus & Dill (2002) determined that prey selection and predator avoidance both play a role in dolphin habitat use. During seasons in which tiger sharks Galeocerdo cuvier were present, dolphins avoided habitat with abundant prey but also higher risk of shark predation. During seasons in which tiger sharks were absent, dolphin distribution shifted back to habitat in which prey was abundant. However, the relevance of these observations in Indo-Pacific bottlenose dolphins from a relatively open bay habitat to dolphins living in the shallow estuarine habitat of Barataria Bay is unclear. Future research investigating dolphin prey abundance and distribution, and determining the density and habitat use of dolphin predators in Barataria Bay will further our understanding of other factors that may be influencing dolphin habitat selection in this region.
In general, the responses of cetaceans to variations in the salinity of the water they inhabit are not well understood and are probably complex. The salinity exposure-response relationship and the period of exposure for common bottlenose dolphins to maintain optimal health in the wild is not well defined and would be influenced by a number of factors including age, general health, water temperature, and the quality and type of prey. However, it is clear that exposure to low-salinity waters for extended periods of time results in negative impacts on dolphin health (e.g. Simpson & Gardner 1972 , Colbert et al. 1999 , Mullin et al. 2015 . External skin lesions resulting from low salinities are the impacts most readily ob served on individual dolphins; however, other internal physiological health issues are possible (Wilson et al. 1999 ) since mammals must maintain the electrolyte concentration and the volume of internal fluids within very narrow ranges to survive (Costa 2009 ). Wilson et al. (1999) found skin lesions on common bottlenose dolphins in 10 different geographic areas and suggested that potential biological mechanisms common to those differing areas included chronic physiological stress from exposure to the low salinities or damage to epidermal cells, resulting in electrolyte imbalance, damage to the skin, and in creased susceptibility to pathogens in the water.
In low-salinity waters, the osmoregulatory systems of common bottlenose dolphins have demonstrated the ability to compensate for at least some period of time for metabolic derangements even if the skin has lesions associated with fresh water. For example, in Lake Pontchartrain, LA, a large number of common bottlenose dolphins (> 20 individuals) survived and, in some cases, reproduced, for over 2.5 yr in waters where the average measured salinity was 4.8 ppt (SD = 2.69, range 1.4−9.2; Mullin et al. 2015) . However, nearly all of these dolphins developed skin lesions, many severe, and eventually most likely died as a result of the impaired state caused by either low salinity (and other associated effects such as susceptibility to disease), or in combination with a cold water event (Mullin et al. 2015) . Given the length of time the Lake Pontchartrain dolphins survived with compromised health, as indicated by skin condition at lower salinities, our ~8 ppt isohaline preferred habitat boundary does not seem unreasonable. Barataria Bay dolphins have higher salinity waters available to them and are more likely to tolerate brief drops in salinity and were not noted to have even moderate skin lesions.
Since predicted salinites were developed for 4 additional areas in the northern GoM (Morganza/ Vermilion, Caernarvon, Bonnet Carre, and Mobile Bay; see Supplement 1), preferred common bottlenose habitat could be easily identified in these areas by following the methods outlined in this paper. If telemetry data are available, then they can be matched temporally to predicted salinity, and an updated salinity threshold can be derived specific to the northern GOM BSE of interest. Additionally, survival and abundance estimates can be obtained using the resulting polygon of preferred dolphin habitat area as a habitat mask in the spatial robust-design capturerecapture model proposed by McDonald et al. (2017) . Based on the validation analysis in Supplement 1, we estimate that the salinity threshold resulting from other predictive salinity models may be approximately 2 ppt higher, or approximately 10 ppt. For management purposes, we expect that managers may want to choose a more conservative estimate of total habitat area, such as the 15th percentile, since literature suggests that salinity measuring less than about 10−15 ppt would be harmful to dolphins over the long term. Outside of estuarine environments, other factors, such as predator and prey distributions and water depth, would most likely influence dolphin habitat preference more than salinity.
In summary, by integrating dolphin location information with a well-characterized salinity surface in Barataria Bay, LA, we were able to identify a salinity threshold value of ~8 ppt; most common bottlenose dolphins in Barataria Bay seemed to avoid salinity conditions below this threshold. Using ~8 ppt, we then approximated preferred dolphin habitat area within Barataria Bay's waters and used this area, coupled with dolphin density estimates, to obtain abundance and survival estimates for the Barataria Bay Stock of common bottlenose dolphins as described by McDonald et al. (2017) . Finally, the resulting predictions of McDonald et al.'s (2017) analysis were used as inputs for a population model developed by Schwacke et al. (2017, this Theme Section) to quantify injury due to DWH oil in terms of lost cetacean years and time to recovery. This injury quantification as part of the NRDA is the first step to restoration planning, which will attempt to mitigate damage caused by the DWH oil spill.
